 (Folia Morphol 2017; 76, 2: 191-196) 
IntroduCtIon
An important cause of morbidity and mortality is the formation and rupture of atherosclerotic plaque with resultant occlusion of large and medium size arteries [13] . In obstructive coronary artery disease (CAD), coronary collateral arteries serve as alternative conduits for blood flow to the myocardial tissue supplied by the obstructed vessel(s) [2] . Therefore, they are a "natural coronary arterial bypass" to the region supplied by the obstructed vessels [6, 11, 21] . The coronary collaterals are anastomotic connections between portions of same or different coronary arteries without an intervening capillary bed [6] . A comprehensive appreciation of the anatomy of the coronary arterial system and the coronary collateral pathways is crucial in the management of cardiac patients.
The confirmation of the presence of coronary collateral circulation has left several questions such as the distribution, histology and anatomy of these vessels unanswered [10] . There is great variability in the pattern and the extent of these coronary collateral pathways among different population groups [10] . Variability also exists in an individual's ability to develop coronary collateral arteries; some individuals develop functional collateral vessels, while others do not [8, 12, 21] . The complex mechanism responsible for coronary collateral development is still not properly understood [19] . Hence, there is still much to understand in respect of the development, potential for manipulation and the haemodynamic effects of the collateral pathways [8] . Therefore, the aim of this study is to determine the influence of demographic parameters and morphologic coronary arterial factors on coronary collateral development in the presence of total coronary arterial obstruction.
MAtErIALS And MEtHodS
The study group was selected from the reviewed angiographic records of 2029 consecutive patients that had coronary catheterisation performed by interventional cardiologists for symptoms suggestive of CAD. Coronary angiograms of 286 patients (mean age: 59 ± 11 years) with the presence of total obstruction of the coronary arteries were selected for analysis. The angiograms were obtained from the cardiac catheterisation laboratories of hospitals within the private sector in the eThekwini Municipality region of KwaZulu-Natal, South Africa. Coronary arteriography was performed via the percutaneous trans-femoral approach by injecting radio-opaque contrast agent into the coronary blood vessels and the images were taken using X-ray fluoroscopy. These images were recorded on digital media in Digital Imaging and Communication in Medicine (DICOM) format and stored in the cardiac catheterization laboratories.
These angiograms were examined in the left anterior oblique, right anterior oblique and lateral projections with various degrees of cranial and caudal angulations. The coronary collateral pathways formed in these angiograms were observed and documented. All the connections within the same vessel and between different vessels were documented. The influence of the patients' sex and age (divided into two age group which are ≤ 60 years and > 60 years based on the patients' mean age) on the development of the collaterals was examined. The relationship between the location of atherosclerotic lesions and the coronary collateral grades were examined in these angiograms. The locations of atherosclerotic lesions were determined by dividing the coronary arteries into proximal, middle and distal regions. Furthermore, the effect of coronary arterial dominant patterns on collateral development was examined. Ethical approval (Ethics number BE 196/13) for the study was obtained from the University of KwaZuluNatal Biomedical Research Ethics Committee.
The grading of the functional capacity of the coronary collaterals in the present study was based on the grading system used by Werner et al. [23] . This system centred on the collateral connection between the donor and the recipient arteries. Therefore, in the present study, Werner et al.'s [23] grading of the coronary collateral connections was modified and the coronary collaterals were graded as: Grade 0 (absent collateralisation): no collaterals to the distal region of the obstructed vessel (Fig. 1) ; Grade 1 (poor collateralisation): collateral arteries showing no continuous connection between the donor and recipient arteries; Grade 2 (good collateralisation): the presence of continuous threadlike connections between the donor and recipient arteries (Fig. 2) ; Grade 3 (excellent collateralisation): the presence of continuous prominent connections with side branches between the donor and recipient arteries (Fig. 3) . Data was analysed with Statistical Package for the Social Sciences (SPSS) ver- sion 21 for Windows (IBM SPSS, NY, USA). A p value < 0.05 was considered as statistically significant.
rESuLtS

Grades of coronary collaterals in relation to age
The grades of the collateral pathways to the obstructed arteries were documented and compared with respect to the different age groups (≤ 60 years and > 60 years). There was no significant difference in the prevalence of the grades of coronary collaterals in the different age groups in the obstructions of the main coronary arteries ( Table 1) .
Grades of coronary collaterals in relation to sex
In the obstruction of the main coronary arteries, males were observed to have developed more excellent coronary collaterals than females. However, there was no statistically significant difference in the prevalence of the grades of coronary collaterals between females and males ( Table 2) .
Grades of coronary collaterals in relation to atherosclerotic lesion location
With respect to the effect of atherosclerotic lesion location on the formation of well-developed coronary collaterals, it was found that there was a significant difference in the formation of well-developed coronary collaterals in right coronary artery (RCA) obstructions (p = 0.02). There was no significant difference in the formation of these collaterals in anterior interventricular artery (AIA) and circumflex artery (Cx) obstructions (Table 3) .
Grades of coronary collaterals in relation to coronary arterial dominance
Coronary arterial dominance was observed to have significantly influenced the formation of excellent coronary collateral pathways in the Cx and RCA obstructions. It was significantly higher in the right coronary arterial dominant patterns (Table 4) .
dISCuSSIon
The most potent stimulus and important predictor for the development of coronary collaterals is coronary arterial stenosis [11, 17] and the resultant change in pressure gradient between the high preocclusive and the low post-occlusive pressure regions interconnected by coronary collaterals [16] . However, there are other factors that also contribute to this process, and these include the size and condition of the distal segmental lumen of the vessel, blood viscosity, myocardial contractility, coronary vascular resistance [9] , and physical activity of the subject [18] . Medical conditions such as high blood pressure [7] and diabetes mellitus [1, 20] have been reported to adversely affect the development of functional coronary collateral circulation. Contrary to the latter finding, Zbinden et al. [25] found that there was no difference in the coronary collateral flow between diabetic and non-diabetic patients. In addition, the recanalisation of an occluded coronary vessel results in the regression of coronary collaterals supplying the myocardial territory of the occluded vessel [24] . The richest collateral supply was to the RCA with a prevalence of excellent collaterals of 30.7% recorded in its obstructions; this was followed by the AIA (23.7%), and the least was in Cx (17.2%). The result of the present study confirmed previous reports that coronary collateral arteries are better developed in patients with RCA obstructions than in obstructions of other coronary vessels [5, 19, 20] . Therefore, it may be deduced that the quality of coronary collaterals developed is dependent on the morphology of the obstructed coronary artery and collateralisation from other vessels [19] .
With respect to the influence of age on coronary artery collateral development, the prevalence of excellent collaterals was higher in the patients > 60 years of age than in those ≤ 60 years of age (32.3% vs. 17.9%) in the AIA obstructions. This is contrary to the findings of the prevalence of excellent collaterals (10.5% vs. 25%) and (22.1% vs. 39.3) for the patients > 60 years and those ≤ 60 years age in the Cx and RCA obstructions, respectively. However, there was no statistically significant difference in the prevalence of excellent coronary collateral arteries with respect to age in coronary arteries examined. Therefore, the present study found no association between patients' age and the development of excellent or well-functioning collaterals. The result of the present study corroborated the finding of Fujita et al. [4] who also used a cut-off age of 60 years and reported that the extent of coronary collateral development was similar in patients regardless of their age. Furthermore, van der Hoeven et al. [22] in their study divided patients into two groups (≤ 64 years and ≥ 65 years) and also found no association between higher age and the development of poor collaterals. Conversely, it differed from the reports of Nakae et al. [14] and Sun et al. [19] who stated that well-developed collaterals were significantly lower in patients older than > 65 years of age. The disparity in the results may be explained by the difference in the methods of coronary collateral assessment and grading of these channels. In addition, Cohen et al. [3] suggested the likelihood of genetic predisposition to the development of functional coronary collaterals because these anastomotic channels are laid down in utero.
In the present study, the prevalence of excellent collaterals was higher in males in the obstructions of the main coronary arteries. However, there was no statistically significant difference in the prevalence of excellent collaterals between males and females; therefore, there was no association between the patients' sex and the development of excellent collaterals. Although, the present finding differed from the report of Sun et al. [19] who stated that well-developed collaterals was significantly lower in female patients, it confirmed the reports of Fujita et al. [4] and Nakae et al. [14] who also found no significant difference.
In the study by Piek et al. [15] , the proximal location of atherosclerotic lesion was reported to be a significant predictor of the development of coronary collateral arteries. They stated that the 'proximal location will result in a lower threshold for the development of myocardial ischaemia owing to the larger size of the myocardium "at risk" and, hence, to the stimulation of collateral vascular development'. The current study also found a significant association between the development of excellent collaterals and the proximal location of lesions in the RCA. However, in the AIA and Cx, no significant association was recorded with respect to the location of atherosclerotic lesions.
From the literature reviewed, it is apparent that there are no reports on the influence of coronary arterial dominance on development of functional coronary collaterals. In the present study, the prevalence of excellent coronary collaterals was higher in patients with right coronary arterial dominant pattern than in the left dominant pattern. A significant association was found between right coronary arterial dominant pattern and the development of excellent coronary collaterals in Cx and RCA obstructions. The higher prevalence of excellent collaterals found in the right dominant pattern may be related to the fact noted earlier that the development of coronary collaterals is influenced by the morphology of the obstructed vessel. With the RCA also supplying the left ventricle in the right dominant pattern, the development of excellent collaterals may be amplified by this coronary arrangement. Therefore, this morphological pattern of the coronary arterial tree has a significant effect on coronary collateral development.
ConCLuSIonS
A significant association was recorded between right coronary arterial dominance and the development of excellent collaterals in the Cx and the RCA. Therefore, coronary collateral arteries are better developed on the inferior myocardial surface due to this coronary arterial arrangement. It may be concluded that coronary arterial morphological pattern influences coronary collateral artery development.
rEfErEnCES
